In this work an attempt is made to analysis of the possible different conformers of p-coumaric acid (PCA) by using density functional method. The total energy of four possible conformers were calculated by using B3LYP/6-311G(d,p) method. Computational result identifies that the most stable conformer of PCA is C2. The formation of inter-and intra-molecular hydrogen bonding between -OH and -COOH group gave the evidence for dimer formation for PCA molecule. The highest occupied-lowest unoccupied molecular orbital analysis shows that the negative electrostatic region situated over the -COOH group and positive electrostatic potential region are localized on ring system and all hydrogen. The PCA has been screened to anti-microbial activity and found to exhibit antibacterial effects. Molecular docking results suggest that PCA may exhibit inhibitory activity against lung cancer protein and may act as potential against lung cancer.
Introduction
The phenolic acids have various biological activities in the human body. It helps us to search free radicals, chelate metal ions and induce changes in enzyme activity and protein availability. Recent studies have confirmed that phenolic acid prevent coronary heart disease, cancer, inflammation, and diabetes. Hydroxycinnamic acid and its derivatives (e.g., coumaric, caffeic, ferulic and sinapic acids) are important pharmaceuticals molecules used as drugs for high blood pressure, stroke prevention, and possess antitumor activity [1] [2] [3] . There are three possible isomers of coumaric acid which differ in the position of the hydroxyl group substitution on the phenyl group. Normally coumaric acids can be found in cereals, fruits, legumes, nuts, vegetables, oilseeds, red wine, beer and tea [4] . Also, p-coumaric acid is abundantly present in pineapple. It has been found to reduce the risk of stomach cancer [5] by reducing the formation of carcinogenic nitrosamines [6] . Based on the above literature data only few studies have been carried out for PCA molecule. Molecular structure and the Fourier transform infrared (FT-IR) and FT-Raman spectroscopic studies combined with theoretical approach on co-crystal of ionized with p-coumaric acid were studied by Ravikumar et al. [7] . * corresponding author; e-mail: sathishmary2013@gmail.com Sadowy et al. [8] reported the spectroscopic and NMR studies of trans p-coumaric acid and alkali metal coumaric acid. Recently structural, thermal and quantum chemical analysis of p-coumaric and caffeic acids has been done by Kumar et al. [9] . The optimized structures of these acids were verified by density functional theory (DFT) approach. Conformational, vibrational and charge transfer study of cis-2-methoxycinnamic acid were carried out by Arjunan et al. [10] . Garzón et al. [11] and Giacomelli et al. [12] have made study on reactivity of the molecule with oxygen species and antioxidant activity of the molecule. By going through the literature survey, we noticed that there are some theoretical calculations carried out and reported [11, 12] , however a sharp analysis and comparison with the theoretical data have not yet been made on PCA molecule. Our present aim is to study the experimental and theoretical studies of PCA molecule.
Experimental details

UV-vis and thermo gravity measurements
The PCA molecule has been purchased from Sigma Aldrich Chemicals, USA. The UV-visible absorption spectrum of PCA was examined in the range 200-800 nm using Shimadzu UV-1650 PC, UV-vis spectrometer. The UV-vis pattern was taken from a 10 −5 molar solution of PCA, dissolved in ethanol and shown in Fig. 1 . The thermo gravimetry analysis (TGA) was done by thermogravity instrument SDT Q600V20.9 Build 20 as shown in Fig. 1 . 
Computational details
The optimized geometry of PCA were calculated by Gaussian 09W program package [13] . The basis set 6-311G(d,p) augmented by "d" polarization function on heavy atom and "p" polarization function on hydrogen atoms were used for better description of polar bonds of molecules [14, 15] . The UV-vis spectrum, electronic transitions, vertical excitation energies and oscillator strength were computed with time dependent DFT (TD-DFT) method [16, 17] .
Results and discussion
Molecular geometry
The four conformer energies are shown in Fig. 2 , geometric parameters, namely bond length, and bond angles for the most stable conformer of PCA molecule, were computed by B3LYP/6-311G(d,p) method and presented in Tables I and II, the atom numbering scheme adopted for PCA molecule for monomer is in Fig. 2 . PCA molecule has become of great interest due to two substituents in the ring system (i.e. hydroxyl and carboxyl groups). The molecule PCA under investigation has four different conformations. First our aim to calculate the most stable conformer by finding lowest energy for each conformer, we noticed that C2 (E = −573.60618630 a.u.) is most stable conformer when compared to others as evident from Fig. 2 by B3LYP/6-311G(d,p) method. The stable conformer structure is having intramolecular (O. . . H) bonding between the two COOH groups. The least stable conformer is obtained for C3 (E = −573.60486664 a.u.) as shown in Fig. 2 . By B3LYP/6-311G(d,p) method by going through the literature survey there is no XRD data available for PCA molecule so far. In this present study we compare XRD data of 2-coumaric acid [18] and 3-coumaric acid [19] presented in Table I . The intermolecular interaction is formed by -COOH group of PCA molecule which forms a dimer and intramolecular interaction O-H. . . O connecting the adjacent dimers leading to infinite chain in random directions. the two equivalent hydrogen bond i.e. C=O. . . H contacts, show increase of O-H bond length which may involve inter molecular hydrogen bond as evident from lengthened of 0.032 Åupon dimerization. The aromatic ring appears to be little bit distorted as evident from computed bond lengths C1-C2, C1-C6, C3-C4 and C4-C5 next to the substitution place (≈ 1.40 Å) longer than the bonds C2-C3 (1.389 Å) and C5-C6 (1.382 Å) for monomer and dimer respectively are shown in Table I . These distortions are explained in terms of difference in hybridization affected by the substituent at the carbon place to which it is attached. The increase of the C-C bond lengths adjacent to the C1-C13 and C4-O11 bonds in the substitution place is accompanied by slightly irregular hexagonal structure of angles C2-C1-C6, C3-C4-C5 which are 117.55
• , 119.73
• and also evident from C1-C2-C3 and C1-C6-C5 which are found to be 121.58
• and 121.44
• , respectively, by B3LYP/6-311G(d,p) method. The deviation noticed between the computed and XRD geometrical parameters is due to fact that isolated molecule is assumed in theoretical calculation but packing molecule is treated in condensed phase during experimental measurements.
Potential energy surface scan study
Potential energy surface (PES) scan studies were carried out on PCA molecule to achieve the reliable stable conformation among the dihedral angle for COOH and OH group. The obtained profile of PES for torsion angle C5-C4-O11-H12 and H14-C13-C15-C17 are illustrated in Fig. 3 . In PCA molecule COOH and OH group are also the rotatable coordinate or conformational flexibility within the molecule. During the calculation C5-C4-O11-H12 and H14-C13-C15-C17 dihedral angle are varied from 0
• to 360
• for PCA molecule. We found that for both rotation two minimum energy at 0
• and 360 • of energy of -537.607 a.u. are obtained which implies C=O in COOH and OH group are inclined in same directional orientation, the PES study also confirm that C2 conformer has more stable structure when compared to other conformers. Fig. 3 . Dimer structure of p-coumaric acid (top) and potential energy surface diagram of p-coumaric acid (bottom).
Frontier molecular orbital analysis
By knowing the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) we can analyse the chemical reactivity of the molecule. Simply HOMO energy represents how much the molecule could donate electron and LUMO energy indicates how much the electron can accept, by knowing the two values we can determine the stability of the molecule. The study is useful for the chemists in terms of quantum computation [20, 21] or in other words the electronic absorption corresponds to the transition from ground to first excited state by one electron excitation from HOMO → LUMO. The HOMO is present in the ring system and HOMO → LUMO transition denotes the electron density will transfer from ring system to COOH group as shown in Fig. 4 . The GaussSum2.2 Program [22] is used to illustrate the group contribution of molecular orbitals as shown in Fig. 4 .
The HOMO energy of PCA is -6.23 eV and LUMO energy is -1.88 eV. The energy difference between HOMO and LUMO describes the band gap for PCA. The band gap between HOMO and LUMO is around 4.35 eV which represents eventual charge transfer of electrons in the molecule. HOMO and LUMO energy values are also used to find electronegativity, global chemical reactivity descriptors as hardness, chemical potential, and electrophilicity index [23] . To understand the various concepts of pharmacological characteristic of the molecule, several chemical reactivity descriptors are computed by using HOMO and LUMO energies, the ionization energy and electron affinity can be I = −E HOMO = 6.23 eV and A = −E LUMO = 1.88 eV [24] . The chemical hardness η and chemical potential µ can be calculated by the relation η = (1−A)/2 = 2.1755 and µ = (−I + A)/2 = −4.055, χ = (I + A)/2 where A and I are called as first ionization potential and electron affinity of the molecule [25] and are tabulated in Table III . Urbaniak et al. [26] have found the HOMO-LUMO energy gap of cis−trans ferolic acid in the ethanol phase to be 3. 
UV-vis spectral analysis
In order to know the deep insight of electronic transition of PCA molecule, TD-DFT calculations were performed by B3LYP/6-311G(d,p) method. The obtained expansion coefficient CI and electronic values such as absorption wavelength λ and oscillator strength f are tabulated in Table IV The π → π * transition is expected to occur relatively to lower wavelength due to consequence of extended aromaticity of the ring system [27] . The maximum absorption wavelength corresponding to various electronic transitons are as follows: from HOMO → LUMO (99%), from HOMO − 1 → LUMO (62%), from HOMO → LUMO + 1 (37%). The variation of intensity of electronic transition denotes the considerable shift in absorption wavelength. The wavelength are generally reduced as we go from gas to solvent phase. 
Thermogravity analysis
On the basis of the TG method the thermal behaviors like thermal behavior, thermal stability, and thermo gravimetric analysis of the PCA were carried out as shown in Fig. 1 . The TG study was performed in the nitrogen atmosphere by heating at the rate of 20
• C/min from surrounding temperature to 800
• C/min [28] . From thermo gravimetric studies as shown in Fig. 1 , it has been found that decomposition takes place in three stages. First step is achieved at 181
• C accompanied by 56.89% mass fraction loss, which is attributed to the removal of OH and second stage decomposition starts at 181
• C and ends at 266
• C, here the carboxylic acid is decomposed leaving out 41.20%, and the third stage starts at 266
• C and ends at 422
• C accompanied with the residue 2.103%. As observed in mass spectrum [29] the peak with 181 mass per atomic number is found to be 100 percent, it signifies that OH group gets broken from the phenyl ring and then the carboxylic acid is being broken and phenyl acetylene is formed. In this step various acidic fragments are eliminated and residue left out at the end is about 43.31%. The residual carbon mass at the end of the composition reaction is 2.103%. Absence of weight loss around 422
• C confirms that there is no water of crystallization in the molecular structure.
Molecular docking study
The docking analysis is used to identify the possibility of protein ligand binding site formation. The structure of the target receptor is gastric cancer (PDBID), brain cancer (PDBID: 1QH4) and lung cancer (PDBID: 2ITO) were obtained from RCSB protein data bank (www.rcsb.org/pdb). Docking study can be done to find the best orientation of ligand with protein. Autodock.2 docking [30, 31] software tool is used for docking study. The protein structure was prepared with the help of Autodock Tools graphical user interface. Polar hydrogen was added to the protein and atomic charges were calculated by the Kollman method. The water molecule and co-crystalline liquid were removed. The PCA molecule were prepared for docking by minimizing the energy by B3LYP/6-311G(d,p) method. The active site to the energies was defined to add residues of active side with the use of grid size 80 × 80 × 80 Å 3 using Autogrid [32, 33] . The Lamarckian Genetic Algorithm implemented in Autodock were employed for docking [30] . AutoDock Binding Energy (kcal/mol) and inhibition constants (µM) were computed and tabulated in Table V . Among the the O-H moiety is engaged in hydrogen bond with amino acid residues of LYS716 and LYS728 as shown in Table VI. By conclusion among the three protein PCA molecule exhibits inhibiting activity against lung cancer. Biological need to be carried out to validate the computational assumptions.
Antibacterial effect
Antimicrobial activity of PCA molecule was performed by Agar well diffusion method and the activity against bacterial pathogens were photographed and shown in Fig. 6 . 10 mg of the PCA was screened for its antibacterial activity against Gram positive bacterial pathogen such as Staphylococcus aureus, Streptococcus pyogenes and Gram negative bacterial pathogens such as Escherichia coli, Klebsiella pneumoniae, Salmonella typhi and Shigella dysentriae etc. with Levofloxacin as control. The results were stimulated in Fig. 6 based on the zone of inhibition (mm) exhibited by the different bacterial strains against PCA which are also shown in Fig. 6 . The results were compared with standard antibiotic Levofloxacin with known concentration as control. From the present investigation the compound shows remarkable antibacterial activity against Gram positive and Gram negative bacterial pathogens and the compound expressed high effect against Staphylococcus aureus and Escherichia coli and moderate effect on Streptococcus pyogenes and Klebsiella pneumoniae which are normal inhabitants of human as well as animal origin. The compound has no effect on Salmonella typhi which was a human pathogen found only during diseased condition like typhoid.
Conclusion
The DFT study on PCA molecule had been perfomed for the first time. In conformational study the most stable conformer is identified as C2 by finding the lowest conformer energy when compared to other conformers. The optimized monomer structure of C2 is compared with dimer structure, the geometrical parameters are also elaborately discussed. The deviation of regular hexagonal structure reveals that the ring systems is not uniform, it is concluded that hybridization is possible in the outermost orbitals of substitutional group. The strong hydrogen bond interaction between O19-H20. . . O36 and O37-H38. . . O18 is ≤ 3 Åwhich provide the proof for formation of hydrogen bond. Predicted electronic absorption spectra by TD-DFT calculation with recorded UV-vis spectrum are mainly derived from contribution of n → π ast which is also evident from NBO analysis. The energy values of HOMO-LUMO energy gap explain the eventual charge transfer interaction taking place in the molecule. The thermo gravity analysis brings out that at 181
• C the OH group gets broken with 56.89% and at 266
• C carbonyl group is being decomposed with 41.20%. Molecular docking studies explains the binding energy of PCA molecule with different target cancer protein.
The hydrogen bond distance between PCA with various amino acids of the protein binding sites signifies the bioactivity of the molecule. Antimicrobial activity analysis suggest that PCA molecule has excellent antimicrobial activity nature against Staphylococcus aureus and Escherichia coli and moderate effect on Streptococcus pyogenes and Klebsiella pneumoniae which are normal inhabitants of human as well as animal origin.
